The total amount of 40S rRNA precursor did not alter appreciably until the midblastula stage, decreased at the late blastula stage, and then increased. In the anucleolate mutant, in which no rRNA synthesis occurs, the 40S rRNA precursor decreased at the late blastula stage and disappeared after the gastrula stage.
In the nuclear fraction of the wild type, the 40S rRNA precursor was detectable after the midblastula stage.
Therefore, the 40S rRNA precursor in the pre-blastula embryos is maternal and decreases at the late blastula stage. New synthesis of 40S rRNA precursor apparently occurs after the midblastula stage.
During Xenopus embryogenesis, the synthesis of rRNA is uniquely regulated (5) . In cleaving embryos, rRNA synthesis is suppressed, but after the midblastula transition, rRNA is actively synthesized (8, 13) . Although there is evidence for mature rRNAs (28S, 18S, and 5.8S) during Xenopus embryogenesis, the 40S rRNA precursor, which is the primary transcript of rRNA genes (6), has not been well characterized during Xenopus embryogenesis. Investigation of this precursor during embryogenesis is necessary to better comprehend the regulation of rRNA synthesis during development.
Since the 40S rRNA precursor is rapidly processed (4), detection of this RNA has been regarded as a signal of rRNA synthetic activity during embryogenesis.
However, at the pre-blastula stage, when rRNA synthesis is considered to be suppressed, the 5' end of 40S rRNA precursor was evidenced by 51 protection in the cytoplasm (3), a finding which suggested the existence of a maternal 40S rRNA precursor in pre-blastula embryos. However, it is not clear whether the intact 40S rRNA precursor persists during embryogenesis, nor whether these molecules are from the oocyte or are newly synthesized.
To differentiate between the maternal 40S rRNA precursor and the newly synthesized one, the use of an anucleolate mutant which lacks the rRNA synthetic ability in embryogenesis (2) 
RESULTS
Detection of the 40S rRNA precursor in Xenopus wild-type embryo. To identify the 40S rRNA precursor, RNAs were extracted from neurulae, at which stage rRNA is actively synthesized, and hybridized with nick-translated 32P-pX1rT31 DNA. As shown in Fig. 2 , lane 1, three radioactive bands were obtained. The band indicated by the arrow was identified as a 40S rRNA precursor for the following reasons: (1) this band was not observed in the 0-nu mutant, which did not synthesize rRNA (Fig. 2, lane 2) ; (2) this band was observed with 32P-labeled pX1r14D, which contains only the external transcribed spacer specific for the 40S rRNA precursor (Fig. 2, lane 3) ; and (3) this band was not detected after treatment with sodium hydroxide (Fig. 2, lane 4) . The lower molecular weight band corresponds to 18S rRNA (Fig. 2, lane 2) and the high molecular weight band corresponds to the genomic DNA (Fig. 2, lane 4) , since the RNA fraction of lane 1 was treated with sodium hydroxide for Southern hybridization (14) .
RNAs were extracted from unfertilized eggs or embryos at various stages and hybridized with 32P-pX1rT31 DNA as a probe. As shown in Fig. 3, lanes 1-4 , the 40S rRNA precursor was detected throughout the cleavage stages, during which rRNA synthesis is suppressed. Judging from the relative intensity of the band, the amount of 40S rRNA precursor does not seem to change significantly during the period between fertilization and stage 8 (midblastula stage). During the blastula stages (Fig. 3, lanes 4 and 5) , the intensity of the 40S rRNA precursor band decreased to about 30% at stage 8 and then increased rapidly at and after stage 9 (Fig. 3,  lanes 5-7) . At the gastrula stage (stage 10), the amount of 40S rRNA precursor is at the same level at that in cleaving embryos, and a large amount of 40S rRNA precursor was observed in the neurulae. Three independent experiments were carried out About twenty sibling embryos obtained by mating between male and female heterozygotes were analyzed individually at various stages (Fig. 5, A-E) . The bands of 40S rRNA precursor can be observed in all five cleaving embryos (Fig. 5A) . The intensity of these bands was much the same. However, at the late blastula stage, the density of the radioactive 40S rRNA precursor band of two embryos (Fig. 5B, lanes  4 and 5) is very faint. The 40S rRNA precursor band was not observed in some embryos analyzed at the gastrula stage (Fig. 5C, lane 4) , neurula stage (Fig. 5D, lanes  1, 2 and 4) , and tadpole stage (Fig. 5E, lane 3) . These results are summarized in Table 1 . All the embryos have the 40S rRNA precursor at cleavage and late blastula stage, whereas at gastrula, neurula, and tadpole stages, about one-fourth of the embryos have no 40S rRNA precursor. The amount of 40S rRNA precursor is less than that of the other one in the late blastula stage embryos. These embryos can be regarded as 0-nu mutants.
These results show that the 40S rRNA precursor in cleaving stage embryos is maternal, decreases at the late blastula stage, and it is no longer detectable at the gastrula stage. Detection of the 40S rRNA precursor in the nuclear fraction of embryos at various stages. Our findings imply that the increasing amounts of 40S rRNA precursor after the late blastula stage are due to the initiation of rRNA synthesis, as based on findings in the zygotic genome. The newly synthesized 40S rRNA precursor can be detected only in the nucleus. Therefore, we investigated whether or not the 40S rRNA precursor is present in the early embryonic nuclear fraction, as described in MATERIALS AND METHODS. About 90% of the nuclei sedimented to the bottom of a tube at the neurula stage, and 50% of the nuclei sedimented at the midblastula stage, as determined by incorporation of 3H-thymidine into DNA (data not shown). The RNA present in the pellet was less than about 5% of the total, irrespective of the embryonic stage. Thus, the contamination of cytoplasmic fraction into the nuclear one does not occur to any significant extent.
RNAs extracted from the nuclear fraction of wild-type embryos were analyzed by Northern hybridization using 32P-labeled pX1rT31 as a probe. The nuclear RNAs extracted from the same number of embryos were electrophoresed. As shown in Fig.  6 , the 40S rRNA precursor was not detected until the midblastula stage (Fig. 6, lane  2) , but was clearly evident at the late blastula stage (Fig. 6, lane 3) . Since the number of nuclei increases dramatically during these stages, Northern analysis with nuclear RNAs from equal numbers of nuclei at stages 8 and 9 was carried out. The same result was obtained (data not shown).
These results show that the 40S rRNA precursor present in the embryo after the late blastula stage is newly synthesized, thereby suggesting that the new synthesis of rRNA begins at the stage between midblastula and late blastula.
DISCUSSION
We studied the origin and change in the amount of 40S rRNA precursor in Xenopus embryogenesis by using Northern analysis to examine maternal 40S rRNA degradation and embryonic 40S rRNA synthesis. Use of mutants is an appropriate method of analyzing developmental gene expression, as established in several organisms: Drosophila, Nematode, etc. In Xenopus, evidence for the 40S rRNA precursor in embryos was obtained by investigating the wild-type embryos. In the present study, using the anucleolate mutant, we clarified that the 40S rRNA precursor in cleaving embryos is maternally inherited and remains undegraded at least until midblastula.
pX1r14D, which contains only the external transcribed spacer, has been used to detect the 40S rRNA precursor, but the low sensitivity of this probe has made it difficult to detect the 40S rRNA molecules in early embryos (3, our unpublished result). In contrast, pXlrT31, which contained the external transcribed spacer and a part of the 18S rRNA genes, gave a higher sensitivity (about 20-fold) for the detection of the 40S rRNA precursor. The use of the highly-sensitive probe made feasible detection of the intact molecules of 40S rRNA precursor, not detected in cleaving embryos in previous experiments.
The results of the present study are schematically illustrated in Fig. 7 , which compares of the autoradiograph in Fig. 3 The question of why the 40S rRNA precursor persists during the cleavage stages even though it is an unstable RNA species has to be given attention. Gelhand and Smith (4) found that all unstable classes of nuclear RNA showed a substantial increase in stability following GVBD. Synthesis of new rRNA on embryonic rDNA overlaps the degradation of the maternal 40S rRNA (see Figs. 3 and 7) . Our observations suggest the presence of a mechanism which protects the RNAs from degradation or processing in the early embryo. Mohun et al. (7) suggested that the cytoskeletal mRNA was constant before gastrulation.
This mechanism may be associated with storage of the maternal RNAs. Or, extrachromosomal nucleoli may be involved in the persistence of 40S rRNA precursor, as previously discussed by Busby and Reeder (3) .
Previously obtained results on rRNA initiation (8, 13) were based on the analyses of whole embryonic RNAs. Our analyses of nuclear RNAs lends support to the idea that the de novo rRNA synthesis is initiated at the blastula stage (Fig. 6 ). This seems to be the first evidence on nuclear 40S rRNA precursor which shows that rRNA genes were activated after the midblastula stage, as we proposed when the RNA labelling experiments were done (13) .
